Clonal cell lines isolated from the pigmented retina of 8.5-day chick embryos initially retained the capacity to form pigment. After several passages, however, many cells lost pigment granules and differentiated into lens-like structures. The lens-specific nature of the structures formed in cultures originally derived from retinal pigment cells was established by both ultrastructural and immunological studies.
The contemporary theory of differential gene expression during development does not require a stable and irreversible change in the genome during development. Since the same genetic information is present in all cells, although repressed, a change in the limited repertoire of differentiated cells might be anticipated under certain conditions (1, 2). The phenomenon of "transdetermination" in Dorsophila (3) and the production of complete plants from differentiated plant cells (4, 5) are often cited in support of this argument. In vertebrate cells, however, compelling evidence for a switch of differentiation of specialized cells is scant. The metaplasic change of pigmented iris into lens that occurs during Wolffian regeneration in newts, in some fishes, and in early chick embryos is probably the clearest example of this phenomenon (6, 7) . Even in this case, a switch of cell types has not been observed in cell culture.
However, because Wolffian regeneration does occur in vivo it might be expected that cells of the pigmented epithelium of vertebrate eyes could switch their differentiated characteristics to those of lens tissue under certain conditions of cell culture. This communication presents evidence that proliferating cells, originating from pigmented retinae of chick embryos form characteristic lens-like structures in culture.
MATERIALS AND METHODS
Eight to ten 8.5-day embryos of White Leghorn chicken were usually used per experiment. The clean pigmented retina was separated from other tissues and placed in 0.05% EDTA in Ca++-and Mg++-free Hanks' balanced salt solution (CMF). Cells were dissociated by treatment with 0.5% trypsin in CMF for 40-60 min at 37°. The probability of accidental inclusion of lens cells in the cell suspension was remote. More than 99.9% of cells in the suspension were pigmented. Cells were cultured in 3-or 5-cm Falcon plastic dishes, in Eagle's minimum essential medium supplemented with 6% fetal-calf serum (GIBCO). In some experiments, 20% of the medium 1495 was replaced with medium conditioned with mass cultures* of neural retinae.
Lens-like structures were identified by indirect fluorescent antibody staining; rabbit antiserum to chick lens fiber and sheep antiserum to rabbit gammaglobulin conjugated with fluorescein (HEXT) were used. To render the rabbit antisera to lens tissue lens fiber-specific, they were absorbed with heterologous tissue extracts as well as with extracts of lens epithelia. Lens-like structures were also identified by observation of lentoid bodies by electron microscopy. Techniques for cell culture were essentially the same as given in our studies on lens epithelial cells (8) . A more detailed description of the immunological method is given in ref. 9 , while that of the technique for electron microscopy is presented in our paper on the investigation of cultured chondrocytes (10) .
RESULTS

Mass culture
Usually 3.5 X 105 cells or 1.0 X 105 cells were inoculated into 3.5 ml of medium in 5-cm dishes or into 1.8 ml of medium in 3-cm dishes. Between 10 and 50% of the inoculated cells attached to the plastic dish and began to proliferate by the second day ( Fig. 1 ). Many cells became less pigmented or nonpigmented during active growth in primary culture (11) . When cultures reached confluency, many foci of typical epithelial cells appeared. Both the number of foci in one plate and the number of cells within onle focus increased rapidly. Since cells in these foci became rapidly pigmented, cultures appeared black (Fig. 2 ). This process was repeated in the second cell generation, with many foci of epithelial cells developing pigment in the latter part of the generation. Larger elongated cells interposed between foci did not produce pigment. Furthermore, these elongated cells had no growth potential and soon degenerated. In the secondary culture of line-B ( Fig. 1B) , in addition to the pigmented foci previously described, small transparent piles of very elongated nonpigmented cells developed from tiny foci (Fig. 3A) . These struc-* Mass cultures from neural retinae of 12-day chicken embryos were grown in Eagle's minimum essential medium supplemented with 6% fetal-calf serum. After 48 hr, the medium was replaced every 24 hr for 5 more days. The medium harvested during this period was pooled and used as conditioned medium after filtration through 0.45-jum Millipore filters. tures have the same appearance as the "lentoid" bodies previously reported in cultures of cells of lens epithelia (8) .
During the latter part of the third generation, cultures became nearly colorless with very few pigmented foci. At the same time, "lentoid" bodies appeared in cultures of three cell-lines including line-A (see growth curve in Fig. 1A ). An additional line produced "lentoid" bodies for the first time in the fourth generation, about 85 days after primary inoculation. At about the time when "lentoid" bodies appeared, the growth rate of cultures often declined and many nonpigmented elongated cells degenerated. Thus far, five of six celllines each originating from a different primary cell suspension and maintained for longer than 10 weeks in vitro, produced "lentoid" bodies. Each cell line was cultured both in fresh and in conditioned medium. "Lentoid" bodies appeared in either or both types of medium.
Identification of "lentoid" bodies
Electron microscopic observations of thin sections of "lentoid" bodies appearing in culture revealed that they are regular assemblages of elongated typical lens fibers (Fig. 4 ). Cells of "lentoid" bodies were stained brightly by the indirect fluorescent antibody method. After appropriate absorption of antisera (see Methods), the staining was highly specific.
Clonal cell cultures
In order to obtain crucial evidence that lentoid bodies originated from pigmented retinal cells, a clonal cell culture was used (12) . Pigmented foci appearing in the second generation of mass cultures of line-A (Fig. 5) removed from the culture dish with tungsten needles in the presence of 0.01% EDTA. Pooled foci were dissociated by treatment with 0.125% trypsin for 120 min at 37°. Single cells were washed with Mg++and Ca++-free Hanks' solution and plated at clonal density, i.e., 2 to 5 X 102 cells per 5-cm dish containing conditioned medium. A large proportion (20-50%) of these cells produced pigmented colonies; no unpigmented colonies were produced. Immediately after plating, single cells were marked. Eight large black colonies, which developed from the marked single cells, were subcultured in separate dishes containing conditioned medium (Fig.  6 ). Four of these eight clonal lines ceased to grow precociously. Cells of these cultures were heavily pigmented and were maintained without further growth. In two of four cell lines that survived for a longer period than others (100-130 days), "lentoid" bodies appeared as described for mass cultures (Figs. 3 and 7) . The lens nature of these lentoid bodies was confirmed by observations with an electron microscope and by fluorescent antibody staining (Fig. 8) . In line CL2-2, some "lentoid" bodies were pigmented, suggesting the presence of both specificities (retinal pigment and lens fibers) within one cell.
One plate of line CL2-4 with "lentoid" bodies was harvested 90 days after the initiation of clonal culture. Cells cultured at clonal density (1 to 3 X 108 cells per plate) gave plating efficiencies between 1.1 and 1.8%. Although many of the 100 colonies formed in four plates were unidentifiable, consisting of only fibroblast-like cells, eight had "lentoid" bodies and 11 were pigmented. Mixed colonies consisting of both of these two cell types were not detected.
DISCUSSION
The present results constitute the first substantial evidence for a switch from one well-defined vertebrate cell type to another in cell culture, although the possibility of such a switch had been predicted from studies of lens regeneration in situ. In both cases, replication of DNA precedes the switch in cell types (13) (14) (15) . However, during regeneration more compli- cated interactions between dif;erent cell types of the eye are required (6, 16, 17) .
Although lens differentiation from retinal pigment cells occurred late in the culture of relatively long-lived cell lines, the appearance of lens-specific products under defined clonal conditions has ruled out the possibility that adventitious lens cells were present since the beginning of culture.
The findings constitute clear evidence for the activation of dormant genes for cell-specific products in vertebrate cells. Peterson and Weiss (17) showed that dormant genes for albumin synthesis may be activated in 3T3 mouse fibroblasts by hybridization with rat hepatoma cells, presumably as a consequence of the recognition of regulatory cues from the rat hepatoma cells. In the current work, the "switch" is spontaneous and should provide a system by which molecular mechanisms may ultimately be delineated. 
